34:0                                 THE METALLURGY  OF GOLD.
It follows that free cyanide should not be required in precipitation by aluminium.1 However, the equations given by E. W. Hamilton 2 are the following :—
3ISTaAgCy2 + 3NaOH + Al = 3Ag + 6NaCy + A1(OH)3 2A1(OH)3 + 2NaOH = Na2Al204 + 4H20,
but for low-grade solutions, when caustic and aluminium are both present in, excess, he prefers—
2NaAgCy2 + 4NaOH + 2A1 = 4NaCy -h 2Ag + Na2Al204 + 4H.
Aluminium does not react directly with cyanide.
Reaction No. (5) occurs the more readily the more cyanide is present,, and if it is regarded as the essential reaction, the desirability of the presence of free cyanide is at once apparent. In this respect Dr. Caldecott's explanation is less obvious, and it even calls for a gradual increase in the free cyanide present during precipitation, which is the reverse of the observed facts. Moreover, it does not account for the well-known production of free alkali. If the zinc hydrate formed in equation (2) is dissolved in cyanide at the moment of formation, thus—
(6) Zn(OH)2 + 4KCy = K2ZnCy4 -f 2KOH,
then the loss of cyanide and increase of alkali are accounted for and the necessity of the presence of free cyanide is explained as the need of keeping the metallic zinc clean. This explanation, however, makes equations (2) and (6) identical with equation (5), which states the facts more simply, and gives-the same evolution of heat.
MacFarren,3 following J. S. Clennell, gives the precipitation of gold in the presence of cyanide as—
(7) KAuCy2 + 2KCy + Zn -f H20 = K2ZnCy4 + Au + H + KOH and in the absence of free cyanide as—
(8) KAuCy2 -1- Zn + H20 = ZnCy2 + Au + H + KOH
making the precipitation an electro-chemical displacement of K and Au by Zny followed by the displacement of hydrogen in water by potassium. Equation (8) seems' the more probable when it is remembered that the potassium ions in KCy itself are displaced by zinc in the presence of water. Christy also gives equation (S),4 but instead of (7) he gives—
2KAuCy2 -f- 3Zn + 4KCy + 2H20 = 2Au + 2ZnK2Cy4 + K2Zn02 -f 2H2.
The caustic alkali produced by equation (5) or (7) is partly neutralised by carbonic acid from the air, and caloium carbonate is thus thrown down.
Further experimental data may decide the matter, but in its absence,, always bearing in mind the nature of the help that theory can give to practice,
1  See Julian, and Smart, Cvaniding of Gold and Silver Ores, p. 158.
2  Hamilton, Eng. ami Mng. J., May 10, 1913, p. 936.
3  MacParren, Cyanide Practice, p. 159.
4  Christy, "On the Solution and Precipitation of Gold."   Trans. Amer. Inst. Miw. Eng 1896S 26, 735.

